To the Editor:

Cystic fibrosis (CF) is a genetic condition that is caused by abnormalities in the CF transmembrane conductance regulator (*CFTR*) gene. People with CF experience life-long morbidity and premature mortality, the vast majority of which is associated with lung disease.

Gastro-oesophageal reflux is known to occur frequently in children and adults with CF, and estimates of prevalence range from 55% to 90% \[[@C1]\]. The presence of reflux-induced cough and reported gastro-oesophageal reflux have both been associated with reduced lung function \[[@C1]\]. High levels of pepsin, a gastric protease, have been described in bronchoalveolar lavage (BAL) samples from children with CF \[[@C2]\]. People with CF are predisposed to reflux as a result of both primary and secondary mechanisms and abnormal gastrointestinal motility, with reflux of duodenal contents back into the stomach being also common \[[@C1], [@C3]\]. Consistent with these observations, high concentrations of bile acids have been described in the saliva and sputum of both adults and children with CF \[[@C1], [@C4]\].

Reflux is also a common finding in lung transplant recipients \[[@C5]\] and microaspiration of refluxate has been implicated in the pathogenesis of bronchiolitis obliterans syndrome (BOS) \[[@C6]\]. B[londeau]{.smallcaps} *et al.* \[[@C1]\] found bile acids in 60% of BAL samples from people with CF who had undergone lung transplantation in addition to a series of other studies from the Leuven group indicating a potential role for bile acid aspiration in the pathophysiology of BOS.

We have previously shown that extraction followed by tandem mass spectrometry are necessary to document the low levels of bile acids produced by dilution effects in human BAL \[[@C7]\]. In pilot work, we detected bile acids in the lower airways of nine people homozygous for Phe508del with advanced CF lung disease at the time of lung transplantation \[[@C8]\]. We subsequently hypothesised that bile acids are present in the lower airways of people with CF before and after lung transplantation. To investigate, we used mass spectrometry to detect and identify bile acids in lower airway samples, and oesophageal pH impedance studies to provide physiological measurements of reflux.

Approval was obtained from Newcastle and North Tyneside 2 and County Durham and Tees Valley 2 Research Ethics Committees respectively. Participants underwent bilateral sequential lung transplantation for advanced CF lung disease; none had undergone antireflux surgery and all were maintained on proton pump inhibitors but none were prescribed promotility agents.

In brief, a 2×15-mL lavage was performed on explanted lungs, centrifuged and the supernatant frozen \[[@C9]\]. Post-transplant, a 3×60-mL BAL was performed in the same individuals at a median of 3 months following transplantation \[[@C10]\]. Electrospray ionisation mass spectrometry was used to detect bile acids as described in detail previously; the lower limit of detection was 0.01 μmol·L^−1^ \[[@C7]\].

Combined 24-h ambulatory pH impedance was performed with the Medical Measurement System and Ohmega device (MMS Inc., Dover, NH, USA). The impedance catheter was inserted into the oesophagus using standard techniques to place the end of the catheter at the upper border of the lower oesophageal sphincter and the pH probe 5 cm above the upper border of the lower oesophageal sphincter \[[@C5]\].

Bile acids were detected in samples from the explanted lungs of all 19 participants with CF and in all BAL samples from the same individuals after lung transplantation ([table 1](#TB1){ref-type="table"}). Of this group, nine out of 19 had oesophageal pH impedance studies performed post-transplant. These studies identified abnormal overall reflux in seven (78%) patients with proximal reflux in four (44%). In the seven patients with detectable reflux, it was both acid and weakly acid in six, and weakly acid alone in one patient. By comparison, bile acids, including lithocholate, were largely undetectable in BAL samples from six non-CF patients post-lung transplant (data not shown).TABLE 1Brief clinical details and bile acid concentrations pre- and post-lung transplantation measured by electrospray ionisation mass spectrometry**PatientAge^\#^** **yearsSexpH im.Explanted lung samples^¶^** **µmol·L^−1^Post-transplant bronchoalveolar lavage samples^¶^** **µmol·L^−1^G-DHCG-THCT-DHCT-THCLitho.G-DHCG-THCT-DHCT-THCLitho.1**32Female+0.01ND0.010.010.30.040.02ND0.010.4**2**25Female+0.030.010.010.020.80.02ND0.020.010.2**3**23Male−0.030.030.010.010.20.01ND0.010.010.5**4**39Male−0.230.050.020.020.20.590.100.020.010.7**5**27Male−0.090.060.020.020.10.090.020.010.610.1**6**29Male+0.250.040.020.010.11.592.380.280.020.5**7**30Female+0.100.010.020.020.10.050.100.010.010.5**8**23Female+0.060.070.010.010.30.020.05ND0.020.2**9**46Male+0.170.180.020.040.30.160.250.010.030.1**10**29Female+0.080.040.020.020.30.050.030.010.030.4**11**22Female+0.040.030.010.010.40.040.020.120.020.4**12**20Female−0.160.110.010.010.10.170.130.040.010.8**13**29Female+0.060.050.010.010.20.01NDND0.030.3**14**48Female−0.030.040.040.060.1NDND0.050.030.1**15**22Male−0.100.070.030.020.80.110.020.010.010.7**16**24Male−0.030.030.010.010.10.01ND0.010.01ND**17**21Male−0.640.640.630.930.10.020.010.010.010.1**18**33Female−0.080.020.010.010.10.020.01ND0.010.4**19**29Male−0.720.190.120.070.30.05ND0.020.010.2**Median^+^**0.080.040.020.020.20.050.020.010.010.4[^1]

These results confirm that bile acids are present in the lower airways of people with advanced CF lung disease, confirming previous observations restricted to Phe508del homozygotes \[[@C8]\]. Longitudinal follow-up showed that bile acids continue to be detectable in the lower airways post-lung transplantation. Furthermore, we found abnormal levels of reflux in most people with CF tested post-transplant. This rare longitudinal information indicates that reflux and aspiration are not simply a function of factors associated with chronic lung disease; we demonstrate persistence post-transplantation, where cough is attenuated while thoracic mechanical changes caused by advanced lung disease are corrected.

We used mass spectrometric bile assays, suitable for the low levels found in BAL samples, providing specific information about individual bile acids \[[@C7]\]. There are no studies characterising individual aspirated bile acids in the CF lung that we are aware of. We measured median lithocholate levels of 0.2 and 0.4 µmol·L^−1^ pre- and post-lung transplantation, respectively. Lithocholic acid was recently detected following direct tracheal suction at a mean±[sem]{.smallcaps} concentration of 2.8±0.6 µmol·L^−1^ in critically unwell patients with ventilator-associated pneumonia \[[@C11]\]. Elevated levels of bile acids were associated with lung injury and were raised compared to ventilated patients with no pneumonia. Furthermore, W[u]{.smallcaps} *et al*. \[[@C11]\] showed that chenodeoxycholic acid challenge of alveolar epithelial cells led to interleukin-8 generation.

Lithocholate is normally a minor component of circulating bile acids, produced by specific gut bacteria that deconjugate and dehydroxylate the primary bile acid chenodeoxycholate. Bile acid homeostasis and metabolism may be disordered in CF \[[@C12]\]. CF is a multisystem disorder that involves both the respiratory and gastrointestinal tracts. Duodeno-gastro-oesophageal reflux and subsequent microaspiration of bile acids may be an under-recognised contributor to airway injury in CF lung disease \[[@C13]\]. Treatments for reflux exist and a very limited literature has advocated fundoplication in CF. In a recent small open study of adult CF patients there was a fall in cough, and exacerbation events reduced by 50% post-fundoplication \[[@C13]\]. Fundoplication in children with CF has also been undertaken but results have been varied \[[@C14]\].

It is important that we acknowledge the limitations of our study. For technical reasons, a small-volume lavage was performed in the noninflated resected lungs compared to the 180-mL BAL used to sample allografts. There is still no entirely satisfactory method of determining the dilution factor during BAL.

Post-transplantation, people with CF have comparable levels of BOS to patients transplanted for other indications. However, the post-transplantation CF population is heterogeneous and some individuals develop BOS with an aggressive onset; this is now recognised as a complex, alloimmune and non-alloimmune response to injury. Colonisation of CF allografts with *Pseudomonas aeruginosa* has been associated with bile aspiration and neutrophilic airway inflammation by the Leuven group \[[@C15]\]. In turn, infection and inflammation, associated with bile aspiration \[[@C11], [@C15]\], have been linked to BOS and death in 260 lung transplant recipients in a recent series \[[@C16]\]. Further studies are therefore required in greater numbers of patients. There is potential that outcomes of lung transplantation in CF, already comparable with other indications on average, could be further improved if aspiration injury were reliably detected and treated.

In conclusion, we have shown that bile acids measured by tandem mass spectrometry are detectable in the lower airway in advanced CF lung disease and that this potential source of injury persists after lung transplantation. Interactions between gastrointestinal and lung pathophysiologies may contribute to overall lung damage and this "aerodigestive" concept may have therapeutic implications in a disease where available treatments are otherwise limited.
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[^1]: pH im.: pH impedance; G-DHC: glycodihydroxycholanoate (deoxycholate and isomers, glycine conjugate); G-THC: glycotrihydroxycholanoate (cholate and isomers, glycine conjugate); T-DHC: taurodihydroxycholanoate (deoxycholate and isomers, taurine conjugate); T-THC: taurotrihydroxycholanoate (cholate and isomers, taurine conjugate); Litho.: unconjugated lithocholate; +: performed; −: not performed; ND: not detected (less than lower limit of detection 0.01 µmol·L^−1^). ^\#^: at time of transplant (complete years only); ^¶^: raw data of bile acids detected in 180-mL bronchoalveolar lavages. ^+^: for bile acids where the level was below the limit of detection, the median was calculated after nondetectable samples were assigned an arbitrary low value of 0.01 µmol·L^−1^.
